ABSTRACT. This study aimed to evaluate the performance of laying hens subjected to heavy semi-low crude protein (14.0%) and lysine levels while maintaining the same relation of digestible amino acid/ digestible lysine. A commercial line of 420 Isa Brown laying hens, in the period from 28 to 44 weeks of age, were distributed in 42 experimental plots. A completely randomized design with six treatments and seven replicates in four periods of 28 days/each was used. The treatments were: Control -Formulated according to the nutritional requirements proposed in the strain, containing 16.92% crude protein, 0.750% digestible lysine. Treatments 1 to 5, with crude protein levels of 14% and 0.600% of digestible lysine, 0.675%, 0.750%, 0.825% and 0.900%, respectively. The requirement of lysine, in relation to other digestible amino acids, can be estimated at 0.750% in diet with 14% crude protein, which corresponds to the average daily intake of 876 mg lysine dig. hen Níveis de lisina digestível para poedeiras semipesadas no período de 28 a 44 semanas RESUMO. O objetivo da pesquisa foi avaliar o desempenho de poedeiras semipesadas submetidas a dietas com baixo teor proteína bruta (14,0%) e diferentes níveis de lisina, mantendo a mesma relação aminoácidos digestíveis/ lisina digestível. Foram utilizadas 420 poedeiras da linhagem comercial Isa Brown de 28 a 44 semanas de idade, distribuídas em 42 parcelas experimentais. Foi utilizado um delineamento inteiramente casualizado com seis tratamentos e sete repetições, em quatro períodos de 28 dias/cada. Os tratamentos foram: Controle -ração formulada de acordo com as exigências nutricionais propostas no manual da linhagem, contendo 16,92% proteína bruta e 0,750% lisina digestível. Os tratamentos testes do 1 ao 5, tiveram a redução proteica, 14% de proteína bruta e diferentes níveis de lisina digestível de 0,600%; 0,675%; 0,750%; 0,825% e 0,900%, respectivamente. A exigência de lisina digestível, em relação aos demais aminoácidos digestíveis, pode ser estimada em 0,750% em dieta com 14% de proteína bruta, o que corresponde ao consumo médio diário de 876 mg lisina digestível, sem comprometer o desempenho das aves.
Introduction
The increasing global trend of conventional protein source price rise and the requirements imposed to the control of pollutant excretion have encouraged researchers and nutritionists to create alternative diets. Such diets are more economically effective and proper to meet the nutritional requirements of animals without compromising their performance.
Egg production is currently one of the most effective animal protein production in terms of expenses. Thanks to the genetic improvements made in recent decades, new commercial lines have introduced laying hens with higher production potential, which has consequently increased the nutritional requirements for best conversion at minimal cost JORDÃO FILHO et al., 2006b) .
Considering that the growth and performance of hens are greatly affected by the energy and protein levels included in their diets (LEESON; SUMMERS, 2001) , costs related to these nutrients, which encumber ration (TOLEDO et al., 2004) , may affect the profitability of farmers (MARTINS, 2008) .
According to Toledo et al. (2004) , for many years the formulations for poultry diet have been based on the concept of crude protein (nitrogen content x 6.25). This has often been associated with diets containing higher content of amino acids, or with unbalanced poultry diet ratios that do not meet their needs. Moura (2004) believes that the current trend to reduce these costs is to reformulate new nutritional arrays, reducing the amount of traditional protein sources in the diet, and including synthetic amino acids according to their availability in the market.
There is a current need to determine the proper amino acid poultry requirement without affecting their performance, as well as a need to reduce nitrogen excretion (ROCHA et al., 2009 ) and ammonia emissions, in order to protect the environment (ROBERTS et al., 2007) .
Isolated estimates of amino acid requirement may not be as efficient when compared with estimates of the ideal ratio of lysine and other amino acids, commonly known as ideal protein (JORDÃO FILHO et al., 2006a; ROCHA et al., 2009 , SÁ et al., 2007 SHIMIDT et al., 2008) .
The recommendations for amino acids in rations for laying hens need to be updated in view of their genetic progress, along with environmental and economic factors. The use of synthetic amino acids has become an important tool to reduce the levels of protein in their diet and maintain high performance (BERTECHINI, 2006) .
The objective of this research was to evaluate the performance responses of Isa Brown hens subjected to reduced protein (14.0% CP), with different digestible lysine levels, maintaining the same ratio of digestible amino acid/lysine.
Material and methods
This present research was conducted at the Poultry Section of the Department of Agricultural Sciences of IFMG -Bambuí Campus, from April to August, 2011, divided into four periods of 28 days/each, totaling 16 experimental weeks.
A total of 420 Isa Brown laying hens, in the period from 28 to 44 weeks of age, were distributed in a completely randomized design with 6 treatments and 7 replicates/each, totaling 42 experimental plots with 10/hens each. The plot consisted of five cages, measuring 25 x 40 x 38 cm, with 2 hens/ each, totaling 500 cm 2 hen -1 . Hens were selected at the pre-experimental period according to their production of eggs.
Treatments were: Control -Ration formulated according to the nutritional requirements proposed in the strain, containing 16.92% crude protein (CP), and 0.750% digestible lysine. All diets of treatments 1 through 5 were isonitrogenous (14% CP) with L-Alanine for nitrogen balance, isocaloric (2800 kcal EM kg isocalcic (3.70%) and isophosphoric (0.35%) with different levels of lysine, keeping the same digestible amino acid/ digestible lysine ratio (Table 3) . . Ration was placed in a feeding trough twice a day, and the water in nipple drinkers.
The following animal performance variables were assessed: Production (% eggs hen ): calculated on the basis of the variables mentioned above. Final weight of hens (g): 60% of hens per experimental unit were weighed at the beginning and end of the experimental period to determine mean weight.
Data were statistically analyzed with the statistical program, system of analysis of variance SISVAR , performing contrasts by the Scheffé test between the control treatment and the other test diets. Regression analysis was used to determine the quantitative levels of digestible lysine for treatments 1 to 5 and experimental periods.
Results and discussion
There was significant interaction (p < 0.01) among treatments and experimental periods for egg production (Table 4) . To analyze the proposed contrasts observed lower egg production (p < 0.01) for treatment 1 (0.600% DL) compared to control treatment (0.750% DL). Production was lower for the hens that received treatment 1, between 84 and 112 experimental days. The same was observed for treatment 2 (0.675% LD) with lower egg production in periods of 84 days (p < 0.05) and 112 days (p < 0.01) when compared to the control treatment. According to the experimental diets, the treatment has two levels similar to that proposed by Rostagno et al. (2011) of digestive lysine, they can achieve egg production of 94.26%. Significant interaction among treatments and experimental periods was not found by Figueiredo et al. (2012) in a study on different levels of digestible lysine and threonine in Hy-Line W36, from 42 to 58 weeks.
By analyzing treatments 1-5 within each experimental period, through a regression analysis on egg production, it was possible to observe a quadratic The significant effect on egg production for both treatments can be seen from the third and fourth quarter, we note that the lowest and highest levels of digestible lysine showed significant effects in production compared to the control treatment. Eliminating the possibility of antagonism or toxicity of amino acids according to Silva et al. (2000), we can infer the possibility of imbalance between amino acids for the treatment in question.
The derivative showed excellent point with 95.43% of production for the third period (84 days) and 93% of production in the fourth period (112 days), results for feeding 876 mg dig. lys. These results suggest that even with the reduced protein value of 2.92% crude protein, there was better egg production in hens receiving 0.750% dig. lys. in treatment 3.
Results are similar to those found by Jardim Filho et al. (2010), who found in light laying hens that 800 mg kg -1 of digestible lysine in ration have increased their production of eggs, with quadratic effect on its peak production at lysine level 799 mg kg No significant interaction (p > 0.05) of treatments and experimental periods was found for the following parameters: feed intake, mean egg weight, feed conversion, and final weight of hens (Table 5) . Continuous means ( 2 p < 0.01, 1 p < 0.05) in a line statistically differ with the mean control by Scheffé test at 5% probability. CV = coefficient of variation, LSD = least significant deviation.
By analyzing the contrast for the feed intake parameter, it is possible to notice a significant effect (p < 0.05) only for treatment 5 (0.900% dig. lys.), with lower consumption compared to the control treatment (0.750% dig. lys.). Rocha et al. (2009) found a significant increase in food intake with increased level of lysine in the diet, unlike the results found by Sá et al. (2007) , who found no effect of lysine levels on hen food intake. Silva et al. (2006) mentions that the reduction of ration protein level from 16.5% to 15.25% and 14.00%, with no amino acid supplementation, did not affect feed intake and conversion per mass and per dozen eggs (p > 0.05), suggesting the possibility of using diets with protein levels below the recommended value.
The results of this study corroborate those found by Silva et al. (2000) , who observed a decline in feed intake and weight gain in extreme levels of lysine, implying that excess lysine was not enough to develop antagonism or toxicity. Thus, the depression in food consumption and weight gain were basically influenced by imbalanced amino acids.
For the mean egg weight parameter, there has been a reduction in weight for treatments 1 and 2 (p < 0.01), and 4 and 5 (p < 0.05) compared to the mean of control treatment. This result differs from those of Matos et al. (2009) and Silva et al. (2006) , who found no significant effect on this parameter, when studying digestible lysine levels. According to the nutritional levels found, hens fed 0.750 digestible lysine, representing a consumption of 876 mg dig lys. hen ) even when subjected to protein reduction of 2.92%.
For the final weight of hen, no significant effect (p < 0.01) was found except for treatment 5, where hens had lost 4.07% of body weight in relation to control. A 2.20% reduction in their body weight was noted by Yakout (2010) when working with protein reduction to 14% and supplementation of synthetic amino acids. These results agree with those found by Sá et al. (2007) , who have found no effect on the body weight of light and semi-heavy laying hens subjected to digestible lysine levels.
The regression analysis of the quantitative levels of digestible lysine have shown significant effect (p < 0.05). Results are shown in Table 6 . was found for mean egg weight of laying hens subjected to experimental diets 1-5.
The equation showed higher egg weight at level 0.825% of lysine, with mean egg weight of 61.82 g. These results agree with those found by Rocha et al. (2009) , who have found a linear response over the mean weight associated with an increase of digestible lysine levels for light laying hens during production. In contrast, Sá et al. (2007) found quadratic effect for mean egg weight in light and semi-heavy strains, to different levels of digestible lysine.
Linear effect (p < 0.01) y = -0.4602 + 2.3176 R 2 = 0.9335 was found for feed conversion. Treatments 1 and 2 presented the worst conversions. Based on the fact that the conversion of hens are determined according to consumption and mean egg weight, this result comes with lower levels of digestible lysine, where lower egg weight had been previously observed.
On the regression analysis of treatments 1-5, no effect (p > 0.05) on the weight of hens was noted. These results agree with Sá et al. (2007) , previously mentioned. Considering treatment 5 the highest level of digestible lysine (0.900%), maintaining the same ratio among the amino acids. One can infer the effect of amino acid levels, as well as the observed lower feed intake (Table 5 ) on the final weight of hens. This behavior had been observed by Figueiredo et al. (2012) , in studies with 16.07% crude protein and lysine levels ranging from 0.660% to 0.885% in Hy-Line W36 laying hens. This also infers recommending dietary level of 0.754, 0.772 and 0.804% of digestible lysine to maximize egg weight, egg mass and feed conversion. of digestible lysine may be inferred, in 14% crude protein, maintaining the digestible amino acid/ lysine ratio proposed by Rostagno et al. (2011) , as being enough to obtain similar performance to that of diet formulated according to the requirements proposed by the strain.
In studies, authors such as Rocha et al. (2009) 
Conclusion
The requirement of digestible lysine in relation to other digestible amino acids can be estimated at 0.750% in diet containing 14% crude protein, which corresponds to the mean daily intake of 876 mg of digestible lysine, without harming the performance of hens.
